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DESCRIPTION 

TITLE OF THE INVENTION 

ARC TUBE AND LOW-PRESSURE MERCURY LAMP 

Technical Field 

The present invention relates to an arc tube having a 
glass tube that is wound into a spiral structure and a 
low-pressure mercury lamp using this arc tube. 

Background Art 

Today in an age of energy conservation, low-pressure 
mercury lamps that exhibit high luminous efficiency and long 
operating life have received attention. In particular, 
compact self -ballasted fluorescent lamps have been examined 
as a light source alternative to the incandescent lamps . Note 
that, hereafter, compact self -ballasted fluorescent lamps are 
referred to as 'lamps. 7 On the other hand , fluorescent lamps , 
such as a compact single-capped fluorescent lamp, are referred 
to as x fluorescent lamps 7 in distinction from the compact 
self -ballasted fluorescent lamps. 

Such lamps, each of which comprises an arc tube formed 
by bending a glass tube, a ballast circuit for lighting the 
arc tube, and a case housing this ballast circuit therein and 
having a base. Note here that these are a type of lamp that 
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has no globe encasing the arc tube. 

Among arc tubes used for the above lamps, there is a type 
that is formed with multiple , for example three , U- shaped glass 
tubes held together. However, there is another type that is 
increasingly being adopted late years. That is an arc tube 
formed in the shape of a double spiral . The shape of the 
double-spiral arc tube can be described as a single glass tube 
being bent double in approximately the midsection from its 
both ends and each limb of the bent glass tube being formed 
into a spiral structure. The reason the double-spiral arc 
tube is now being adopted is that forming an arc tube into 
the shape of a double spiral allows for effective use of limited 
space, and the double - spiral arc tube becomes smaller than 
an arc tube comprising multiple U-shaped glass tubes. The 
lamps, which are alternative to a 60 W incandescent lamp, are 
being reduced in size to almost the same dimensions of the 
incandescent lamps . 

In a lamp utilizing a double-spiral arc tube, the bulb 
wall loading is set high in order to attain the same luminous 
flux as a incandescent lamp. For this reason, the cold spot 
temperature of the glass. tube under steady state illumination 
exceeds the optimum temperature of the glass tube at which 
the maximum luminous flux is radiated (this optimum temperature 
is, hereafter, referred to as an 'optimum cold spot 
temperature'). As a result, the lamp with a double-spiral 



arc tube fails to achieve the best luminous efficiency. 

In the lamp using a double - spiral arc tube, in order to 
approximate the cold spot temperature of the glass tube under 
steady state illumination to its optimum cold spot temperature , 
for instance, the apical part of the arc tube is bulged so 
that more area is provided for heat dissipation . Consequently , 
a 13 W lamp, alternative to a 60 W incandescent lamp (luminous 
flux: 810 lm) , has obtained a luminous flux of approximately 
800 lm and a luminous efficiency of 62 Im/W. In the case of 
a 23 W lamp, alternative to a 100 W incandescent lamp (luminous 
flux: 1520 lm) , a luminous flux of about 1500 lm and a luminous 
efficiency of 65 lm/W have been attained . Note that both these 
lamps, a 13 W and a 23 W lamp, have achieved a rated life of 
6000 hours or more. 

As just described, in the conventional double- spiral arc 
tube lamps, the cold spot temperature has been lowered by 
bulging the apical part of the arc tube. However, the cold 
spot temperature under steady state illumination yet exceeds 
the optimum cold spot temperature, and therefore the 
improvement in luminous efficiency is still far from adequate . 

Take notice that, for the purpose of lowering the cold 
spot temperature of the glass tube, if for instance the bulb 
wall loading is reduced, a desired luminous flux cannot be 
obtained. Additionally, enlarging the diameter of the glass 
tube ends up with an increase in size of the arc tube. 



Disclosure of the Invention 

A first object of the present invention is to provide 
an arc tube in which the cold spot temperature of the glass 
tube under steady state illumination is brought to almost the 
same as the optimum cold spot temperature at which the maximum 
luminous flux is radiated when the arc tube is lighted. 

A second object of the present invention is to provide 
a low-pressure mercury lamp having an improved luminous 
efficiency without causing a reduction in the luminous flux 
radiated from the arc tube or an enlargement in size of the 
arc tube . 

In order to achieve the first object above, the arc tube 
of the present invention is an arc tube having a glass tube 
that is wound into a spiral structure. The glass tube has 
an inner shape of a substantially circular cross section, and 
has an inner diameter in the range of 5 to 9 mm inclusive. 
In the arc tube, the bulb wall loading is set so that the 
temperature of the coldest spot within the glass tube under 
steady state illumination falls into the range of 60 to 65 
°C inclusive . 

By means of this structure, the cold spot temperature 
of the glass tube under steady state illumination can be brought 
to almost the same as the optimum cold spot temperature at 
which the maximum luminous flux is radiated. This leads to 



the extension of lamp operating life as well as an improvement 
of luminous efficiency. 

Further, in order to accomplish the above first object, 
the arc tube of the present invention is an arc tube having 
a glass tube that is wound into a spiral structure. The glass 
tube has an inner shape of a substantially elliptical cross 
section, with an inner tube major axis in the range of 5 to 
9 mm inclusive and an inner tube minor axis of 3 mm or larger. 
In the arc tube, the bulb wall loading is set so that the 
temperature of the coldest spot within the glass tube under 
steady state illumination falls into the range of 60 to 65 
°C inclusive. 

By means of this structure, the cold spot temperature 
of the glass tube under steady state illumination can be brought 
to almost the same as the optimum cold spot temperature at 
which the maximum luminous flux is radiated. 

In the above arc tube, the bulb wall loading is set within 
the range of 0.08 to 0.12 W/cm 2 inclusive. Thus, the bulb 
wall loading has been reduced, which results in extending the 
operating life of the arc tube. 

The glass tube is formed into the shape of a double spiral 
that comprises a turning part, a first spiral part, and a second 
spiral part. The turning part is located in- approximately 
the midsection of the glass tube . The first spiral part starts 
from one end of the glass tube and spirals around the pivotal 



axis to reach the turning part. The second spiral part starts 
from the turning part and spirals around the pivotal axis to 
the other end of the glass tube. 

In the arc tube of Claim 3 of the present invention, 
alternatively, the glass tube is in a shape of double- spiral 
that comprises a turning part, a first spiral part, and a second 
spiral part. The turning part is located in approximately 
the midsection of the glass tube . The first spiral part starts 
from one end of the glass tube and spirals around the pivotal 
axis to reach the turning part. The second spiral part starts 
from the turning part and spirals around the pivotal axis to 
the other end of the glass tube. This structure allows for 
effective use of limited space and, therefore, a reduction 
in size of the arc tube. 

Furthermore, the glass tube is formed so as to fit into 
a cylindrical space of maximum diameter in the range of 30 
to 40 mm inclusive and maximum length in the range of 50 to 
100 mm inclusive. Consequently, if being provided with the 
arc tube formed with this glass tube, the compact 
self -ballasted fluorescent lamp becomes smaller than a 
incandescent lamp. In addition, this compact self -ballasted 
fluorescent lamp can be applied to lighting apparatuses 
designed to use the conventional, incandescent lamps. 

In order to accomplish the second object above, the 
low-pressure mercury lamp of the present invention is provided 



with the above-mentioned arc tube . Accordingly, the cold spot 
temperature of the glass tube under steady state illumination 
can be brought to almost the same as the optimum cold spot 
temperature at which the maximum luminous flux is radiated 
when the arc tube is lighted, without reducing the luminous 
flux radiated from the arc tube or enlarging the size of the 
arc tube . This leads to an improvement of luminous efficiency . 

Brief Description of the Drawings 

FIG. 1 is a front view showing the overall structure of 
the lamp according to the first embodiment, with a part cut 
away to reveal the internal arrangements; 

FIG. 2A is a front view showing the structure of the arc 
tube according to the first embodiment, with parts cut away 
to reveal the internal arrangements, and FIG. 2B is a bottom 
view of the arc tube according to the first embodiment; 

FIG. 3 plots the optimum cold spot temperature at which 
the arc tube radiates the maximum luminous flux versus the 
tube inner diameter of the glass tube; 

FIG. 4 plots the cold spot temperature of the glass tube 
versus the bulb wall loading; 

FIG. 5 is a front view of the compact self -ballasted 
fluorescent lamp according to the second embodiment; 

FIG. 6 is a front view of a part of the arc tube according 
to a modification; and 



FIG. 7 is a front view illustrating the overall structure 
of a fluorescent lamp, which is shown as an example of 
low-pressure mercury lamps, with parts cut away to reveal the 
internal arrangements . 

Best Mode for Carrying Out the Invention 
[Embodiments] 

The following will describe preferred embodiments, in 
which the arc tube of the present invention is applied to a 
compact self -ballasted fluorescent lamp, with reference to 
the drawings. 
First Embodiment 

[1] Structure of Compact Self -Ballasted Fluorescent Lamp 
1) Overall structure 

FIG. 1 is a front view showing the overall structure of 
the compact self -ballasted fluorescent lamp according to the 
present invention, with a part cut away to reveal the internal 
arrangements. This compact self -ballasted fluorescent lamp 
1 (hereafter, referred to simply as a ^lamp 1' ) is a 12 W lamp, 
alternative to a 60 W incandescent lamp. Here, a 13 W lamp, 
which is also alternative to a 60 W incandescent lamp and has 
been described in the related art above, is sometimes referred 
to as a x conventional lamp.' 

As shown in the figure, the lamp 1 comprises: an arc 
tube 2 being wound into a double-spiral structure, a ballast 
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circuit 3 for lighting the arc tube 2, and a case 4 housing 
the ballast circuit 3 therein. The case 4 is provided with 
a base 5 at the upper end, and a holder 6, which holds the 
•arc tube 2, at the lower end. 

The arc tube 2 extends downwards (i.e. the opposite side 
to the base 5) from the holder 6 of the case 4. A glass tube 

9 that forms the arc tube 2 is bent double at a turning part 

10 which is located in approximately the midsection from both 
ends 9a and 9b of the glass tube. Both ends 9a and 9b of the 
glass tube 9 are fixed to the holder 6. 

FIG. 2A is a front view showing the structure of the arc 
tube, with parts cut away to reveal the internal arrangements . 

The glass tube 9 has a double-spiral structure that 
includes two spiral parts: a first spiral part 11a starting 
from one end 9a of the glass tube 9 and spiraling down around 
the pivotal axis A to reach the turning part 10 located at 
the bottom, and a second spiral part lib starting from the 
turning part 10 and spiraling up around the same pivotal axis 
A to the other end 9b of the glass tube 9. Together the first 
and second spiral parts 11a and lib revolve around the pivotal 
axis A substantially five times. 

The structure of the glass tube 9 spiraling around the 
pivotal axis A as stated above is referred to, using the number 
of times that the glass tube revolves around the pivotal axis 
A, as for example 'five-wind.' In addition, the first and 



second spiral parts 11a and lib of the glass tube 9 spiral 
around the pivotal axis A inclining at a predefined angle a 
from the horizontal direction (i.e. the direction 
perpendicular to the pivotal axis A) . This predefined angle 
a is hereinafter referred to as a A helix angle.' 

The reason a double spiral has been chosen here as the 
shape of the arc tube 2 is that a spiral-shaped arc tube makes 
more effective use of limited space than an arc tube formed 
with U-shaped glass tubes. For instance, the spiral 
configuration allows for providing a longer distance between 
the electrodes within the arc tube and reducing in size of 
the whole arc tube 2. 

Electrodes 7 and 8 are individually sealed in at the ends 
9a and 9b of the glass tube 9. The electrodes 7 and 8 are 
formed in which respective tungsten filament coils 7c and 8c 
are suspended and held on a pair of lead wires 7a and 7b, and 
8a and 8b. Each pair of the lead wires 7a and 7b, and 8a and 
8b is temporarily fixed in place by means of bead mounting. 

As to the electrodes 7 and 8, each pair of the lead wires 
7a and 7b, and 8a and 8b is sealed in the glass tube 9, with 
the filament coils 7c and 8c each being inserted into the glass 
tube 9 in the vicinity of one of both ends. In this way, the 
hermeticity of the glass tube 9 is maintained. 

In this hermetically sealed glass tube 9, about 3 mg of 
elemental mercury is enclosed, and an argon and neon gas which 
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act as a buffer gas are sealed at 300 Pa. In addition, a 
rare-earth phosphor 12 is applied to the inner surface of the 
glass tube 9. The phosphor 12 used here is a mixture of three 
types of phosphors respectively emitting red, green, and blue 
light: Y 2 0 3 :Eu, LaP0 4 :Ce 2 Tb, and BaMg 2 Ali 6 0 27 : Eu and Mn. The 
coldest spot 13, a point having the lowest temperature within 
the glass tube during illumination, is formed at the apical 
part of the arc tube 2, i.e. the turning part 10. 

Referring now back to FIG . 1, it is shown that a substrate 
16, on which electric components 17 for lighting the arc tube 

2 are attached, is provided on the inner side of the holder 
6. The electric components 17 make up the ballast circuit 
3. This ballast circuit 3 is a series inverter circuit, and 
the circuit efficiency is 91 %. 

The case 4 is made of a synthetic resin, and has a cone 
shape with an opening provided at the lower end as shown in 
FIG. 1. The holder 6 is placed covering the opening of the 
case 4 in the manner that the side to which the ballast circuit 

3 is attached faces the inside of the case 4. Kept in this 
configuration, the marginal rim of the holder 6 is fixed to 
the peripheral wall of the case 4 with an appropriate attachment 
method, for example, using an adhesive or screws. 

For the base 5 located at the top of the case 4, a screw 
base, such as E26 and E17, is often used. Note here that the 
electrical connections between the arc tube 2 and the ballast 
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circuit 3 as well as between the base 5 and the ballast circuit 
3 are not shown in FIG, 1. The overall length of the lamp 
1, i..e. the length from the tip of the base 5 in the case 4 
to the apical part of the arc tube 2 is here denoted as Lo 
while the outer diameter of the arc tube 2 is denoted as <j>0. 
2) Specific structure 

The following gives account of the specific structure 
of the embodiment of the present invention. 

As illustrated in FIG . 2, the glass tube 9 that forms 
the arc tube 2 has a tube inner diameter <f>i of 7.4 mm and a 
tube outer diameter <j>o of 9 . 0 mm . In the arc tube 2 , the distance 
between the electrodes 7 and 8 (hereafter simply ^electrode 
distance' ) is set at 450 mm. The glass tube 2 has a shape 
of a substantially five-wind double spiral, i.e. revolving 
around the pivotal axis A substantially five times. 

As to the arc tube 2, the outer structural diameter </>t 
issetat 37 mm while the structural length Lt is 60 mm. Compared 
to the arc tube of the conventional 13 W lamp (outer structural 
diameter, 00: 45 mm, structural length, Lt: 70 mm), this arc 
tube 2 has been reduced in size by 8 mm in outer structural 
diameter and by 10 mm in structural length. Note that the 
structural length Lt is the length of the arc tube 2 measured 
in parallel to the pivotal axis A. 

Within the arc tube 2, the bottom portions of the first 
and second spiral parts 11a and lib are respectively folded 
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back in the vicinity of the turning part 10 of the glass tube 
9. As shown in the FIG. 2B, there are interspaces S between 
the turning part 10 and each of the folded-back bottom port ions , 
and these interspaces S become 5 mm each since the tube outer 
diameter <f>i of the glass tube 9 is 9.0 mm. As a result, a 
ratio of the non-light-emitting areas (interspaces) to the 
light-emitting area (both spiral parts 11a and lib, and the 
turning part 10) is reduced when viewed from the bottom of 
the arc tube 2. Accordingly, the luminous distribution 
becomes substantially uniform, and furthermore the 
illuminance from the bottom of the arc tube 2, namely vertical 
illuminance, increases . 

While the overall length of the 60 W incandescent lamp 
is 110 mm, that of the lamp 1 is 105 mm as shown in FIG. 1, 
and thus the lamp 1 is 5 mm shorter in length. 

The following explains the performance of the lamp 1 
having the above structure. 

The lamp 1 was lighted with its base 5 side up (hereafter, 
simply x the base-up position' ) by providing the rated input 
power of 12 W (bulb wall loading: 0.103 W/cm 2 ) . The luminous 
flux of the lamp 1 was 893 lm, while the luminous efficiency 
was 74.2 lm/W. 

The lamp 1 obtained an about 1.1 times larger luminous 
flux than the conventional lamp with 800 lm, and the luminous 
efficiency was about 1.2 times higher than that of the 
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conventional lamp, 62 lm/W. At the same time, the result shows 
that the rated life of the lamp 1 was 10550 hours, by far 
exceeding 6000 hours. Just for reference, within the glass 
tube 9 of the lamp 1 lighted under the above conditions, the 
temperature at the coldest spot was 62 °C . 
[2] Items To Be Examined 

As to the conventional lamp, the cold spot temperature 
of the glass tube under steady state illumination exceeds the 
optimum cold spot temperature. Given this factor, the 
inventors thought that the luminous efficiency would be 
improved if the cold spot temperature under steady state 
illumination was lowered to the optimum cold spot temperature . 
In short, a study was carried out on a method for lowering 
the cold spot temperature under steady state illumination. 

1) Relationship between tube inner diameter and 
temperature of glass tube 

An optimum cold spot temperature T lf at which the maximum 
luminous flux is radiated, was measured for respective glass 
tubes whose tube inner diameters <j)i differing from 5 mm to 
12 mm. To be more specific, the glass tubes 9, of which the 
tube inner diameters <f>± vary from 5 mm to 12 mm at an interval 
of 1 mm, were prepared, and arc tubes were formed using these 
glass tubes 9. Then, lamps 1, to each of which was provided 
with one of the arc tubes, were produced and used to measure 
an optimum cold spot temperature T 2 for each tube inner diameter 
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<f)i . 

The measuring method was employed in which the lamps 1 
were placed in a thermostatic chamber where the temperature 
is controllable, and the mercury vapor pressure within the 
arc tubes 2 was varied. To be more specific, the temperature 
in the thermostatic chamber was altered in order to change 
the mercury vapor pressure within the arc tube 2. Under the 
conditions, the temperature at the coldest spot (the cold spot 
temperature Tj) , at which the. arc tube 2 radiates the maximum 
luminous flux, was measured. 

As described above, the variation range of the tube inner 

diameters <pi was 5-12 mm. This is because it is difficult 
to insert the filament coils 7c and 8c into the ends of the 

glass tube 9 if the tube inner diameter <pi is smaller than 
5 mm. On the other hand, if the tube inner diameter (pi is 
larger than 12 mm, then the whole arc tube 2 increases in size, 
which results in increasing the size of lamp 1. 

FIG. 3 shows the results of the above measurements. It 
can be seen that the optimum cold spot temperature T 2 increases 
as the tube inner diameter <f>i of the glass tube 9 becomes smaller 
as shown in the figure. 

Here the conditions, under which the lamp 1 radiates the 
maximum luminous flux with a given tube inner diameter <f)i of 
the glass tube 9, were controlled using the temperature of 
the glass tube 9. This is because these conditions are 
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determined by the mercury vapor pressure within the arc tube 
2, namely the temperature therein. As the mercury vapor 
pressure within the arc tube 2 increases, the luminous flux 
also increases up to the optimum cold spot temperature Ti . 
Note, however, that the luminous flux decreases after the 
optimum cold spot temperature T± even if the mercury vapor 
pressure increases. This is because ultraviolet radiation 
emitted from a mercury atom is absorbed by another mercury 
atom when the number of mercury atoms becomes excessive within 
the discharge space. 

2) Relationship between cold spot temperature and bulb 
wall loading 

The luminous efficiency should be improved if the cold 
spot temperature of the glass tube 9 under steady state 
illumination reaches in fact the same value as the optimum 
cold spot temperature T 2 described above. According to the 
above results obtained for the tube inner diameter <f>i and the 
optimum cold spot temperature T lf it can be seen that, in order 
to raise the luminous efficiency, the cold spot temperature 
should be maintained between 60 - 65 °C when the arc tube 2 
with the tube inner diameter <f>± in the range of 5 mm to 9mm 
is lighted under steady state illumination. 

The range of the tube inner diameter <f>i was set at 9 mm 
or less . This is because a glass tube whose tube inner diameter 
falls into this range is able to provide a longer electrode 
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distance for the same structural dimensions as well as to reduce 
the size of the arc tube 2, when compared to the case in which 
the tube inner diameter <f>i is 12 mm. As a result, greater 
flexibility in design for lamps can be offered. 

Next, the relationship between the cold spot temperature 
and the bulb wall loading we of the glass tube 9 under steady 
state illumination was examined. The arc tubes 2 used for 
measurement were formed using four different glass tubes 9 
with the tube inner diameters of 5.0 mm, 6.0 mm, 7.4 mm, 
and 9.0 mm, respectively. Further, the arc tubes 2 having 
differing electrode distances Le were experimentally produced 
for each of these diameter classes. Lamps 1 assembled using 
these arc tubes 2 were lighted in the base-up position by 
providing an input power and a power supply voltage of 100 
V, and the cold spot temperatures T 2 were measured. As to 
the input power, two different cases were investigated: 
supplying 12 W and 21 W, each of which is 1 — 2 W less than 
the input power applied to the corresponding conventional lamp . 

The bulb wall loading we was measured here since the cold 
spot temperature T 2 above is determined by the bulb wall loading 
we. This bulb wall loading we is obtained by dividing an arc 
tube input by the internal surface area (n * Le) of the 

arc tube 2. Here, the arc tube input is found by multiplying 
the rated input power (e.g. 12 W) by the circuit efficiency 
of the ballast circuit 3 (e.g. 0.91). 
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FIG . 4 shows the results of these measurements . As shown 
in the figure, the range of the bulb wall loading we was 0.08 
-0.12 W/cm 2 , in which the cold spot temperatures in the glass 
tubes 9 of respective tube inner diameters (j>i fell into the 
range of 60 - 65 °C. This examination revealed that it is 
appropriate to set the bulb wall loading we within the range 
of 0.08 - 0.12 W/cm 2 when the arc tube 2 having the tube inner 
diameter in the range of 5 - 9 mm is used. 

The lamp 1 is lighted with the above range of bulb wall 
loading we (0.08.-0.12 W/cm 2 ) . This is lower than the range 
for the conventional lamps ( estimated as : 0 . 13 9 - 0 . 1 65 W/cm 2 ) . 
The life property of the lamp 1 is improved when the lamp 1 
is lighted with the lower range of bulb wall loading we, and 
it has been also confirmed that an extended rated life of 6000 
hours or more can be guaranteed. 
3) Review 

In view of the above examinations/ the structure of the 
lamp 1 of the current embodiment is summarized as follows: 
when the tube inner diameter <pi is set within the range of 
5.0 - 9.0 mm inclusive and the bulb wall loading we is set 
within the range of 0.08 - 0.12 W/cm 2 inclusive, the cold spot 
temperature T 2 of the glass tube 9 under steady state 
illumination gives close agreement with the optimum cold spot 
temperature T 2 at which the arc tube 2 radiates the maximum 
luminous flux. Thus, the lamp 1 having a significantly high 
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luminous efficiency can be obtained. 

Having been described as an alternative to the 60 W 
incandescent lamp, the lamp 1 has an improved luminous 
efficiency of 20 % (improved from 62 lm/W to 74.2 lm/W) . 
Furthermore, its luminous flux has been increased by 93 lm 
(from 800 lm to 893 lm) . As a matter of course, the lamp 1 
has been reduced in size compared to the conventional 13 W 
lamp. 

Second Embodiment 

The above first embodiment provided an example in which 
the present invention is applied to the 12 W lamp, which is 
an alternative to a 60 W incandescent lamp. Now in the second 
embodiment, the present invention is applied to a 21 W lamp, 
which is an alternative to a 100 W incandescent lamp. Note 
that the 23 W lamp, which is alternative to a 100 W incandescent 
lamp and was described in the related art above, is referred 
to as a ^conventional lamp' in the second embodiment. 

FIG. 5 is a front view showing the overall configuration 
of the compact self -ballasted fluorescent lamp according to 
the second embodiment, with parts cut away to reveal the 
internal arrangements . 

The lamp 31 according to the second embodiment has the 
same basic structure as the lamp 1 of the first embodiment. 
The differences from the lamp structure of the first embodiment 
are: the rated input power and the electrode distance of the 
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arc tube 32. Since the lamp 31 is an alternative to the 100 
W incandescent lamp, the rated input power is increased to 
21 W from 12 W. The electrode distance is increased in order 
to achieve substantially the same luminous flux as the 100 
W incandescent lamp. For this reason, the structure of the 
arc tube 32 has been altered to a seven-wind double spiral 
from the five-wind double spiral of the first embodiment. In 
addition, the ballast circuit 33 is changed in response to 
the increase in the rated input power from 12 W to 21 W. 

In the second embodiment, the tube inner diameter (f>i of 
the glass tube 9 is also set within the range of 5.0 - 9.0 
mm. inclusive , as well as the bulb wall loading we is set within 
the range of 0.08 - 0.12 W/cm 2 inclusive, based on the same 
reason as in the first embodiment. 
1) Specific structure 

The glass tube 39 has a tube inner diameter <f>i of 7.4 
mm and a tube outer diameter (f>o of 9.0 mm, and an arc tube 
32 formed using this glass tube 39 has an electrode distance 
of 640 mm. The glass tube 39 is formed into a seven-wind double 
spiral, and the arc tube 32 has an outer structural diameter 
<f)o of 37 mm and a structural length of 85 mm. The overall 
length Lo of the lamp 31 is 123 mm. 

Compared to the conventional lamp (overall lamp length 
Lo: 150 mm) , the overall lamp length Lo of the lamp 31 is smaller 
by 27 mm. Thus, the reduction in size of the lamp 31 according 
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to the second embodiment has been achieved. 

The following describes the performance of the lamp 31 
having the above structure. 

When the lamp 31 was lighted in the base-up position by 
providing the rated input power of 21 W (here, bulb wall loading : 
0.103 W/cm 2 ) , the luminous flux of 1660 1m and the luminous 
efficiency of 75.5 lm/W were obtained. 

This luminous flux of the lamp 31 is about 1 . 1 times larger 
than that of the conventional lamp, 1500 1m, and the luminous 
efficiency was about 1.2 times higher than that of the 
conventional lamp, 65 lm/W. At the same time, the result has 
shown that the rated life of the lamp 31 is 9850 hours, by 
far exceeding 60 0 0 hours . Just for reference, within the glass 
tube 39 of the lamp 31 lighted under, the above conditions, 
the temperature at the coldest spot was 63 °C. 
Modi fications 

Although the present invention has been hereinbefore 
described according to respective embodiments, it is apparent 
that the present invention is not confined to the specific 
examples shown in the individual embodiments above, and for 
example the following modifications can be carried out. 
(1) Structural Shape of Arc Tube 

In the respective embodiments above, the glass tubes were 
formed so that the structural shape of the arc tubes is 
substantially circular when viewed in plan. However, the arc 
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tube may be formed into, for example, a substantially 
elliptical shape when viewed in plan. In this case, however, 
the mold used to formaglass tube into a double-spiral structure 
needs to be a split mold that can be split up. 

Although the arc tubes are formed into the shape of a 
double spiral in the respective embodiments, the shape of the 
arc tube can be for instance a single spiral, and only the 
part of the glass tube from an end to the turning part spirals 
around the pivotal axis. 
(2) Tube Shape of Arc Tube 

As to the glass tubes in the respective embodiments above, 
the tube inner shape in cross section is a circle. However, 
this sectional shape can be noncircular, and an ellipse shown 
in FIG. 6 is one example of such shapes. Other than an 
elliptical shape, a V-shape and fan-shape can be adopted. 

If an ellipse is adopted as a the tube inner shape of 
the glass tube 49 in cross section, then the length between 
the center of the glass tube 49 and the tube inner shape on 
the minor axis becomes shorter in a cross sectional view, 
compared to the case when the cross sectional shape is a circle 
with the diameter being the same as the ma j or axis of the ellipse 
above. Due to this, it is believed that the fraction of the 
ultraviolet radiation absorbed by a mercury atom in the 
ultraviolet radiation emitted from another mercury atom will 
be declined, which in turn will lead to an increase in luminous 
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flux. Thus, it is expected that the luminous efficiency can 
be further improved. 

In the case of a glass tube having a circular cross section 
(hereafter, simply 'circular-section glass tube'),- it is 
difficult to insert filament coils into the ends of the glass 
tube if the tube inner diameter <f>i is less than 5 mm. However, 
in the case of the glass tube having an elliptical cross section 
(hereafter, simply 'elliptical-section glass tube' ) , 
inserting and putting filament coils in place is feasible if 
the major axis of the elliptical tube inner shape is 5 mm or 
more and the minor axis is 3 mm or more. In addition, the 
dimensions of the electrode's filament coil used in both 
embodiments are approximately 5 mm x 3 mm when viewed from 
the tube axis of the glass tube. 

In addition, when the major axis of the tube inner shape 
of the elliptical-section glass tube 49 is the same length 
as the diameter of the tube inner shape of the circular-section 
glass tube, the arc tube 42 formed with the elliptical-section 
glass tube 49 provides a longer electrode distance. In the 
elliptical-section glass tube 49 shown in FIG. 6, the major 
axis D2 of the tube inner shape lies in the direction 
approximately parallel to the pivotal axis (refer to FIG. 2 
for the pivotal axis) or, more precisely in a direction inclined 
at the helix angle from the pivotal axis. On the other hand, 
the minor axis Dl lies in a direction approximately 
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perpendicular to the pivotal axis (to be more precise, a 
direction inclined at the helix angle from the direction 
perpendicular to the pivotal axis). Suppose that the major 
axis D2 is the same length as the diameter of the tube inner 
shape of the circular-section glass tube. When the 
elliptical-section glass tube is formed into a double-spiral 
structure spiraling around the pivotal axis (FIG. 6) , the tube 
inner shape on the side closer to the pivotal axis (i.e. the 
inwardly-bulging side of the tube inner shape in cross section 
of the glass tube) is located further away from the pivotal 
axis compared to the case of the circular-section glass tube. 
Consequently, the elliptical-section glass tube is able to 
provide a longer electrode distance than the circular-section 
glass tube. 
(3) Low-pressure Mercury Lamp 

The above respective embodiments were described assuming 
that the low-pressure mercury lamp of the present invention 
was a compact self -ballasted fluorescent lamp. However, the 
present invention is not limited tothis, andmayalso be applied 
to the followings: fluorescent lamps such as a compact 
single-capped fluorescent lamp, and lamps in which a phosphor 
is not applied to the inner surface of the glass tube forming 
an arc tube. 

FIG. 7 is a front view illustrating the overall structure 
of a fluorescent lamp, which is shown as an example of 
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low-pressure mercury lamps, with parts cut away to reveal the 
internal arrangements . 

As shown in FIG. 7, the fluorescent lamp 51 is composed 
of: a double-spiral arc tube 52 in which a glass tube 59 is 
5 bent double at the turning part 59c and both limbs of the bent 

glass tube spiral around the pivotal axis (not shown) ; a holding 
member 53 holding the arc tube 52; and a single-ended base 
54 provided on the opposite side of the holding member 53 from 
the arc tube 52. 

10 The arc tube 52 has the same structure as the arc tube 

described in the above first embodiment. 

The holding member 53 comprises: a holder 56 retaining 

the ends 59a and 59b of the glass tube 59; and the case 55 

attached to the marginal rim of the holder 56. Here, the base 
15 type GX24q is used for the single-ended base 54, however other 

base types, for example GX10, can be used. 

Industrial Applicability 

The arc tube of the present invention can be applied to 
20 a compact low-pressure mercury lamp with excellent performance . 

In addition, the low-pressure mercury lamp of the present 
invention can be used as a compact light source with excellent 
lamp performance. 
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